The fragmentation properties of percolation clusters yield information about their structure. Monte Carlo simulations and exact cluster enumeration for a square bond lattice and exact calculations for the Bethe lattice are used to study the fragmentation probability a, (p) 
I. INTRODUCTION The desire to understand the fragmentation properties of spatially random objects [1, 2] such as coal particles, branched polymers, asteroids, and nuclei subject to external destructive processes and/or to internal collisions invites the introduction of simple models of such fragmentation. Percolation clusters [3] , that is, groups of adjacent occupied bonds Advantages of percolation clusters for fragmentation studies include the variability in the compactness of such clusters aft'orded by the occupation probability p. For p~0, the "lattice-animal" limit [4, 5] , percolation clusters are typically very tenuous, whereas p~1 favors compact clusters. Such variability typifies the wide variety of particle porosities and morphologies present in real spatially random materials. For example, oxidation of porous solids such as coal char particles can lead to fragmentation as the oxidation process widens pore walls [6] , leading to eventual loss of the integrity of the particles. Such char particles have a wide variety of porosities depending on the coal type, the devolatilization temperature, etc. Hence percolation clusters are attractive models of such materials because of their ability to simulate a wide range of particle porosities through the continuous parameter p.
To study the fragmentation properties of percolation clusters, we remove (deoccupy) a bond of mass l from a bond percolation cluster of mass s at a particular value of p and ask whether it breaks the cluster. If so, the bond is designated as "fragmenting. " Of interest is the ensemble average number a, (p) of such fragmenting bonds on a cluster of mass s, as well as the associated fragmentation and b, , (p, )=s g(s'/s), (2) along with the associated scaling relationship [8] cr =1+A, -P, (3) involving the standard cluster-number scaling exponent o (Refs. [3, 7, 9] ).
Besides serving as a model fragmenting system, fragmentation of percolation clusters provides valuable information about the structure of percolation clusters themselves. Previous studies of the structure of percolation clusters emphasize the connectedness properties of the backbone [10 -13] defined between two specified bonds on the cluster. Since removal of a "red" bond on the backbone breaks the backbone of the cluster, the red bonds on a cluster are simply the particular fragmenting bonds lying on the backbone of the cluster. In contrast with the probability a, (p)/s, the likelihood that removing a randomly chosen bond will break the s cluster. Of particular interest is the likelihood b, , (p) that such fragmentation will result in a daughter of mass s', this daughter distribution tells whether it is more likely to break a cluster into daughters of comparable or of vastly dift'erent masses. In contrast with site clusters, fragmentation of bond percolation clusters always produces two daughters. Additional motivation for using percolation clusters includes their interesting critical behavior at the percolation threshold p"above which a cluster spans the lattice. At p"critical and scaling exponents analogous to those found in thermal phase transitions describe the divergent connectivity length and average cluster size [3, 7] . Such exponents also describe fragmentation behavior. In fact, a primary purpose of this paper is to verify previously proposed large-s scaling forms [8] 1992 The American Physical Society set of red bonds on a cluster, the set of fragmenting bonds on a cluster is independent of the particular choice of backbone, and therefore constitutes a global property of the cluster.
Rate equations governing the time evolution of the particle mass distribution in fragmenting systems require a particle-mass-dependent fragmentation rate and a daughter distribution [14 -18] The fragmentation properties of bond clusters on the z-coordinated Bethe lattice are also known exactly, and are independent of p. On this lattice, the daughter distribution b, . , (p)=%",/(1 -X,o) follows from the exact pindependent probability [17] Fig. 1 (1) and (2) 
This result reduces to Eq. It is straightforward to write down the p-dependent average number of fragmenting bonds per s cluster, (17) . At p =0, each cluster contributes equally to the sums and the larger-t clusters dominate the sums simply because of the scarcity of compact clusters (Table II) . Evidently, Eqs. (17) and (15) (17) give exact results valid over the entire range of p. Figure 10 shows the exact probability a, (p)/s that removing a bond will break an s cluster as a function of p, for 3 & ' (triangles in Fig. 11 ) with the corresponding Monte Carlo data (X symbols in Fig. 11 Fig. 11 ) clearly reflect the sensitivity to cluster morphologies mentioned above, the data nevertheless seem to indicate that a, (1}/s~O as s~ao. This is consistent with the notion that the fragmentation probability should vanish for the very compact clusters at p = 1.
In the context of the p dependence in Fig. 10 Fig. 12(c) [8] leading to o = 1+A, -P are specific to binary fragmentation, extension of these arguments is required to verify the universality of this relationship.
